The root bark of Morus alba L. (Family: Moraceae) is an important medicinal herb in many countries and has long been used as a traditional medicine for the treatment of cough, fever, blood pressure reduction, and respiratory diseases. In the present study, the simultaneous determination of two flavonoids, kuwanon G and morusin, for quality control of M. alba was conducted using high-performance liquid chromatography (HPLC) equipped with photodiode array (PDA) detector. The column used for separation of kuwanon G and morusin was a Gemini C18 analytical column maintained at 45°C. The mobile phase for efficient separation of two analytes was flowed 0.1% (v/v) aqueous formic acid-acetonitrile with gradient elution. The detection wavelength for quantification was set at 266 nm. The optimized method showed good linearity with coefficients of determination of 0.9998 within the tested concentration ranges. The limits of detection for the two flavonoids, kuwanon G and morusin, were 0.69 g/mL and 0.35 g/mL and the limits of quantification of kuwanon G and morusin, were 2.10 g/mL and 1.07 g/mL. The recoveries were 98.40-111.55% and the relative standard deviation (RSD) value was within 3.50%. The RSD values of intra-and interday precisions were 0.08-0.70% and 0.06-0.48%, respectively. The amounts of kuwanon G and morusin were 1.94-2.26 mg/g and 1.05-1.12 mg/g. The established HPLC-PDA method will help to improve the quality control of M. alba and related products.
The root bark of Morus alba L. (family Moraceae), well known as Mulberry, is a perennial tree and widely distributed in East Asia, including Korea, Japan, and China [1] . This herb has long been used to treat cough, fever, diabetes, upper respiratory diseases, and cardiovascular diseases [2] [3] [4] . Phytochemical studies of M. alba have shown that it consists of various phytochemicals, DielsAlder-type adducts, benzofuran derivatives, stilbenes, flavonoids, coumarin, alkaloids, and triterpenes [5] [6] [7] [8] . Various biological activities of this herb have been reported, such as antioxidant [9] , antihepatitis C virus [10] , antidepressant-like [11] , tyrosinase inhibitory [7, 8] , antiobestic [12] , and antidiabetic [13] effects. Previously, we investigated the anti-inflammatory effect of M. alba and its phenylpropanoids [14] . Recently, Lu et al. [15] isolated sanggenon X, a tri-O-bridged Diels-Alder adduct from this herb and evaluated its antioxidant activity against Fe 2+ -Cys-induced lipid peroxidation in rat liver microsomes. Presently, the standardization and quality control of natural products through simultaneous analysis is very important for the development of products such as pharmaceuticals or health functional foods. Several studies have been reported on the qualitative and quantitative analysis of this herb for stilbene glucosides, such as mulberroside and oxyresveratrol derivatives, as well as phenolic compounds and chlorogenic acid derivatives, using highperformance liquid chromatography (HPLC) equipped with a photodiode array (PDA) detector and mass spectrometry (MS) [7, 14, 16, 17] . Nevertheless, the quantification method for M. alba is not recorded in the Korean Pharmacopoeia or the Chinese Pharmacopoeia. Therefore, it is necessary to establish a method for efficient quality control of M. alba. In the present study, we conducted the simultaneous quantification of two flavonoids, kuwanon G and morusin for quality assessment of M. alba using HPLC-PDA. To separate the kuwanon G and morusin efficiently, the HPLC method was tested, and various analysis conditions, such as column types (Phenomenex Gemini C 18 , Waters SunFire C 18 , Capcellpak C 18 , and OptimaPak C 18 columns), column temperatures (30, 40, and 45°C), and mobile phases (acids such as formic acid and trifluoroacetic acid in distilled water and acetonitrile) were compared. From comparisons of the resolution, peak tailing, peak shape, and baselines of the target compounds in the above conditions, the optimal analysis conditions were determined as follows: Gemini C 18 column (250 mm × 4.6 mm, 5 m), column oven temperature of 45°C, and mobile phase system of 0.1% (v/v) formic acid in distilled water-acetonitrile. The UV wavelength for simultaneous determination of the two analytes was set at 266 nm using a PDA detector. The peak identification of kuwanon G and morusin in the chromatogram of the sample was confirmed by comparing the retention time, UV spectrum, and co-injection with the reference standard compounds. The optimized HPLC-PDA method was applied for simultaneous analysis and the two marker The calibration curves of the two flavonoids, kuwanon G and morusin, were y = 27995.89x -54747.25 and y = 53046.55x -51240.77 with coefficients of determination of 0.9998 at tested concentration ranges of 0.31-20.00 g/mL and 1.56-100.00 g/mL, respectively (Table 1 ). This result showed that the calibration curve gave good linearity over the tested concentration range for the two marker components. The LODs of kuwanon G and morusin were 0.69 and 2.10 g/mL and the LOQs of these compounds were 2.10 and 1.07 g/mL, respectively. As shown in Table 2 , the system suitability, such as capacity factor, separation factor, number of theoretical plates, and resolution, for the two marker compounds showed good results. The total recoveries were between 98.40% and 111.55% for the two flavonoids with RSD values 3.30% (Table 3 ). The repeatability and precision were evaluated and expressed by their RSD values. The results showed that the RSD values of the repeatability were 0.32% and 0.33% for peak responses and 0.03% and 0.05% for retention time, respectively (data not shown), and precisions were 1.00% (Table  4) . These results suggest that the established method using a simple and easy HPLC-PDA is suitable for the simultaneous determination of the two flavonoids, kuwanon G and morusin in M. alba. Previous studies on the analysis of various components, flavonoids, alkaloids, polyphenolic compounds, nucleosides, and amino acids of M. alba have been reported using HPLC and LC-MS and they mostly concentrated on the leaves and fruit of this herb [18] [19] [20] . However, for the root bark of M. alba analytical studies have been reported only on phenolic compounds and stilbene glucoside [7, 16] . Therefore, in this study, quantitative analyses of the two flavonoids, kuwanon G and morusin, were conducted using HPLC. Two flavonoids for the quality assessment of the M. alba root bark were analyzed using the optimized HPLC-PDA method. Consequently, the amounts of two bioactive marker compounds, kuwanon G and morusin, in the M. alba root bark were found to be 1.94-2.26 mg/g and 1.05-1.12 mg/g, respectively (Table 5 ).
In conclusion, in this study, a simple, convenient, and reliable HPLC analytical method for the simultaneous analysis of two flavonoids, kuwanon G and morusin, in M. alba samples was optimized and this method was validated by linearity, LOD, LOQ, recovery, and precision. This analytical method could work as a prerequisite for quality control of M. alba samples and related products. 
Chemicals and reagents:
Two reference standard compounds, kuwanon G (PubChem CID: 5281667, purity: 99.0%) and morusin (PubChem CID: 5281671, purity: 99.8%), were purchased from Biopurify Phytochemicals (Chengdu, China) ( Figure 1 ). HPLC-grade solvents, methanol, acetonitrile, and water, were obtained from JT Baker (Phillipsburg, NJ, USA). ACS reagent, formic acid (for analysis, purity: ≥98.0%, PubChem CID: 284) was purchased from Merck KGaA (Darmstadt, Germany).
Preparation of standard and sample solutions: Each standard stock solution of the two flavonoids, kuwanon G and morusin, was prepared at a concentration of 1000 g/mL in methanol and kept below 4 o C for further analysis. The dried sample was pulverized and then sifted through a standard sieve (Soy sauce through a sieve) No. 30, 600 m; Chung Gye Sang Gong Sa, Seoul, Korea). For quantitative analysis of the two bioactive components, 500.0 mg of each well-ground sample was dissolved in 70% methanol (20 mL) and then extracted using an ultrasonicator, Branson 8510 (Denbury, HPLC-PDA method to improve the quality control of Morus alba Natural Product Communications Vol. 13 (11) 2018 1495 CT, USA) for 60 min at room temperature. Subsequently, each extracted solution was filtered through a 0.2 m GHP membrane filter (PALL Life Sciences, Ann Arbor, MI, USA) before injection into the HPLC equipment. The reequilibrium time for the stability of the analytical system was 10 min. The flow rate was kept constant at 1.0 mL/min and the injection volume was 10 L. The wavelength of the PDA was scanned from 190 to 400 nm and the quantification of the two flavonoids was monitored at 266 nm.
Method validation:
To evaluate the validity of the optimized analytical method, validation tests including linearity, limit of detection (LOD), limit of quantification (LOQ), recovery, and precision were carried out. The linearity using the calibration curve (y = ax + b) of kuwanon G and morusin was based on plotting the peak areas (y) versus the corresponding concentrations (x, g/mL) of each standard solution. The linear ranges of kuwanon G and morusin were 3.13-200.00 g/mL and 1.56-100.00 g/mL, respectively. LOD and LOQ values were calculated as 3.3  /S and 10  /S, respectively (where  is the standard deviation of the intercept from the regression equation and S is the slope of the calibration curve). The recovery was conducted to assess the accuracy of this method by adding a known amount (low, middle, and high) of the two reference components to 0.5 g of a M. alba sample. Recovery (%) was calculated as follows: Recovery (%) = ((found amount -original amount)/spiked amount). The intra-and interday precisions of the established method were determined using the standard addition method and assessed by the relative standard deviation (RSD) value. To confirm the repeatability of the established method, the mixed standard solution was measured for six replicates and the RSD values of peak areas and retention times of each compound were evaluated.
